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The purpose of the study is to test a weakly basic anion exchanger of the polycondensation type in the processes of sorption of ions
of copper, nickel, cobalt, zinc, cadmium. Among the indicated metal ions, the maximum sorption was established for copper ions.
To study the process of sorption of copper ions by the tested anion exchanger, the method of potentiometric titration was used. It
was found that copper ions are sorbed by the anion exchanger in the form of a complex in the range of pH = 3,4-4,2. The formation of the
copper ions complexes decreases with an increase of the pH value in the equilibrium solution. In an alkaline medium, there is no complexation process, and copper ions form hydroxides.
Keywords: copper, potentiometric titration, complexation, exchange capacity
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Цель исследования – испытание слабоосновного анионита поликонденсационного типа в процессах сорбции ионов меди,
никеля, кобальта, цинка, кадмия. Из указанных ионов металлов максимальная сорбция была установлена по ионам меди.
Для изучения процесса сорбции ионов меди испытуемым анионитом использовали метод потенциометрического титрования. Было установлено, что медь сорбируется анионитом в виде комплекса в интервале рН=3,4-4,2. С увеличением значения рН
равновесного раствора уменьшается образование комплекса ионов меди. В щелочной среде процесс комплексообразования отсутствует, а ионы меди образуют гидроокиси.
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Tadqiqotning maqsadi mis, nikel, kobalt, rux, kadmiy ionlarining sorbsiyasi jarayonlarida polikondensatlanish tipidagi zaif asosli
anionitni sinash. Ko'rsatilgan metall ionlaridan maksimal sorbsiya mis ionlari uchun o'rnatildi.
Mis ionlarining sorbsiya jarayonini o'rganish uchun potensiometrik titrlash usuli qo'llanildi. Misning pH=3,4-4,2 oralig'ida kompleks shaklida anionit bilan sorbsiyalanishi aniqlandi. Muvozanat eritmasining pH qiymatining oshishi bilan mis ionlarining kompleksi
hosil bo'lishi kamayadi. Ishqoriy muhitda komplekslash jarayoni bo'lmadi va mis ionlari gidroksidni hosil qiladi.
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Introduction
The use of secondary resources fully and
comprehensively is urgent task of the country's
economy. Almost 90% of the raw materials, renewed annually and extracted from the bowels of
the planet, go to waste that pollutes the biosphere, and this is an acute environmental problem. Hence, the search for ways of integrated use
of natural resources and low waste or, better, non
-waste technology with the obligatory rational
use of secondary raw materials is an urgent task.
The number of branches of the national
economy using ion-exchange polymers is increasing annually in the Republic of Uzbekistan. Despite a significant number of studies devoted to
the ion-exchange method for the extraction and
separation of metals [1-19], the solution to this
problem continues to be a primary task for the
hydrometallurgical industry. Most of the imported ionites, especially of the polycondensation
type, have low indicators, such as chemical and
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thermal resistance, mechanical strength and others, which limits the possibilities and scope of
their application.
It is known that in most cases, highmolecular-weight amines have proved to be more
effective in practice, for concentration, separation
of complex mixtures of cations in aqueous and
organic media, and for the extraction of metals,
in this aspect, polycondensation anionites based
on polyethylene polyamine are especially important. Their ionogenic groups and mutual arrangement are able to anion exchange, and under
certain conditions they can form coordination
compounds with some metals ions sorbed in the
form of cations and anionic complexes. The sorption of cations by various mono and polyfunctional anionites from solutions of inorganic salts,
depending on individual factors, was studied in
[20–31]. It has been established that the adsorption of cations by anionites is determined by several processes, the main of which are the process-
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es of complexation with the amino groups of anionites, the formation of poorly soluble precipitates, and molecular sorption.
The noted process determined the aim of
this work, with the purpose of test the previously
synthesized weakly basic anionite of the polycondensation type in the processes of sorption of the
copper, nickel, cobalt, zinc, cadmium ions.
Research methods
Weighed portions of the prepared anionite
in the OH-form in the amount of 0.5 g with conversion to dry matter (grain diameter 0.5-1 mm)
were placed to 50 ml of a solution consisting of
hydrochloric acid, sodium chloride, copper chloride, which are formed a complex with the anionite. The concentration of the Cl and Na ions in
the solution to the complexing metal (copper) in
all experiments remained constant, the acidity of
the test solution was changed by adding different
amounts of HCl (1.2 mg-eq / g). After contact of
the solution with the anionite (7 days), the latter
was separated from the solution, in which the pH
was determined on a potentiometer.
The potentiometric titration of the anionite
in the OH-form, saturated with copper cations (a
copper-hydroxyl form of the anionite) was carried out in parallel with these experiments. Anionite was prepared in copper-hydroxyl form as
follows. Anionite in the NO3-form was brought
into contact with a 0.5 N solution of copper nitrate. After 24 hours, the anionite was separated
from the solution, washed thoroughly with water
until a negative reaction for copper ions with the
washed water. In this case, part of the amino
groups of the anion exchanger enters into the
complex formation reaction according to the following scheme:

Then the anionite was treated with a 5%
NaOH solution to convert it into the OH-form,
followed by washing with water until the neutral
pH. The process proceeds according to the following scheme:

The anionite in the copper - hydroxyl form
was titrated potentiometrically according to the
method described above, with the only difference
that only NaNO3 and HNO3 were introduced into
the contacting solution. The concentration of sodium nitrate was constant, and the concentration
of nitric acid varied from 0 to 20 meq/g of ani-
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onite, with the same interval as before.
The absorption of free acid anions also occurs along with the absorption of salt molecules
under the same conditions, which results in an
increase in the pH of equilibrium solutions. It
causes hydrolysis of salts with the release of
basic compounds from solutions in many cases.
Precipitation, as noted by the authors of [16], also happens during direct interactions of salts with
OH-anionites, and precipitated amount increases
with an increase in the basicity of the anionites.
The formation of a precipitate during the
sorption of copper and zinc by anionites in the
OH-form in [6] is explained by the occurrence of
an anionite reaction, as a result of which the pH
of the solution rises. The precipitate of basic salts
and hydroxides of the ions under study occurs in
consequence of this process. Therefore, the adsorption in the hydroxyl form is 2-3 times higher
than in the salt form. The sorption of metals by
anionites under certain conditions excluding the
formation of precipitates can be explained by the
ionogenic groups of the anionite forming coordination compounds with cations having an unfinished d-sublevel of the last energy level [14]. The
possibility of the formation of coordination compounds of anionites with transition metal cations
primarily depends on the state of the ionogenic
groups. Amino groups can be in salt-form and
hydrated forms in the anion-resin phase. The saltform does not form coordination compounds with
metals, since the nitrogen-hydrogen bond /
R3N:H / is stronger than the metal-nitrogen bond /
R3N:Me2+ /. Therefore, the formation of coordination compounds of cations with anionites will
occur only in the presence of hydrated amino
groups in the anionite phase. The formation of
coordination compounds occurs according to the
following scheme:

Consequently, an increase in amino groups
in the hydrated form leads to an increase of the
sorption of cations.
The study of the sorption of cations on the
synthesized anionite was carried out under static
conditions from solutions of copper sulfate, nickel, cobalt, zinc, and cadmium chloride [32, 33].
The initial and equilibrium solutions were
analyzed for the content of metal cations by the
EDTA titration method, except copper cations,
which were determined by the iodometric method. The sorbed amount of metal ions (m Me) was
calculated from the difference between the initial and equilibrium concentrations. The duration of sorption is 5 days. The concentration of
hydrogen ions was determined using a potentiometer. Anionites were used in hydrated and
salt forms. The results obtained were compared
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Sorption of metal cations by anionites
рН of equilibrium solutions
The type and form of anionite

Sorbed, mg-eq/g

Ionogenic groups
Cu

Ni

Co

Zu

Cd

Cu

Ni

Co

Zu

Cd

AN-2F in the ОН-form

– NH2, = NH, OH

4.3

7.50

7.16

6.31

6.50

1.0

0.20

0.10

0.10

0.30

AN-1 in the ОН-form

– NH2, = NH

4.40

6.14

5.89

6.18

5.46

0.11

0.0

0.20

0.0

0.12

Synthesized anionite in the
ОН-form

– NH2, = NH, – N =

4.41

7.0

7.11

6.36

6.33

1.85

1.2

0.80

0.50

1.32

with industrial samples of AN - 1, AN - 2F anionites.
The results of studies on the sorption of
metal cations by anionites and a comparison of
the synthesized anionites in the OH form with
industrial samples of anionites AN - 1, AN - 2F
are shown in Table.
Results and discussion
Studies of the ionic form of anionites
show that when using anionites in the OH form, the pH rises and the amount of sorbed cations increases with the transition to the chloride
form. This is explained by the fact that sorption
in the hydroxyl form occurs due to two processes - the formation of complex compounds and
the formation of sediments of poorly soluble
hydroxides [2, 3, 6]. The salt form of anionites
not involved the complexation reaction, however, because of partial hydrolysis in aqueous media of low-dissociation bases, according to the
scheme:

The solution always contains a hydrated
species, which formed coordination compounds
with transition metal cations, therefore, their
sorption occurs [2]. It is interesting to note that
in our experiments, complexation with anionites
in the chlorine-form is observed only with cations of copper and cadmium, obviously, the coordination activity, and the optimal ionic composition of the anionite, in which sorption of
cations takes place due to complexation [2, 3]
can indicate on the nature of the cationcomplexation. A decrease in the pH of equilibrium solutions in the case of sorption of cations
by anionites in the chloride form also indicates
that an exchange reaction between the exchanging ion and salt anions occurs during the contact
of phases; the capacity of anionites for individu-
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al cations is not the same (Table).
Comparing the ability of anionites to absorb cations with the capacity and ability to dissociate of the main ionogenic groups, we note
that there is no regular connection between
them. In other words, when absorbing cations,
the capacity of anionites and the strength of the
basicity of active groups are not decisive, as
indicated in literature [4]. Perhaps the determining factor will be the ability to complex formation of ligand groups of anionites.
Industrial samples AN-2F and, especially,
AN-1 have very low sorption rates. The Ni, Co,
Zn cations are not sorbed by anionites at all. As
the research results show, the copper, is one of
the well-sorbed cations; therefore, it was of interest how the structure of the anionite affects
the ability to dissociate and the complexforming properties when interacting with a copper cation. The study of these issues was carried
out by the potentiometric titration method [15].
Titration curves of equilibrium solutions were
recorded for the anionite synthesized by us in
the presence of a copper cation and without it.
Figure shows the curves of potentiometric
titration of the anionite in the OH-form in the
absence (curve 1) and in the presence of a copper cation (curve 2).
It is seen from the comparison of these
curves that complexation does not affect the total exchange capacity of the anionite. The location of the inflection point on the titration
curves does not change. The explanation for this
study was given during the disassembly of those
reactions that took place in the anionite in the
presence and the absence of the metal ion forming the complex [34, 35].
Upon contact of the anionite in the OHform with a solution of NaCl and HCl, the reaction occurs:
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The curves of potentiometric titration of the obtained anionite:
1 - in the absence of copper; 2 - in the presence of copper.

On contact with a copper salt solution
with the indicated components, which forms a
complex, in addition to the written ones, reactions took place:

since the H - N bond is stronger Me - N bonds [17].
During acid treatment, the complex is destroyed according to the scheme:

The acid capacity of the anionite does not
change (one H-ion per amino group in either
case) at the same time. This is confirmed by the
fact that the exchange capacity in the first and
second cases is practically the same. Anionite is
in the form of a complex with the outer coordination sphere contained chloride exchanging to
NO3 -ions of nitric acid in the same way as anionite just in the Cl-form.
A precipitate formation reaction proceeds
under the experimental conditions in addition to
complexation:

The following regularity occurs with this
observation: the more copper cations are removed from the solution, due to the formation
of a precipitate lowering the pH of the equilibri-
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um solution. It follows that when a precipitate is
formed, the potentiometric curve. In this case,
the formation of a complex on the potentiometric curve is practically not reflected. The main
influence on the potentiometric curve is precipitation of metal hydroxide by the pH value. It
should be remembered that the complex is
formed at lower pH values of the equilibrium
solution equal to pH = 3.4 - 4.2.
In this case, the pH of the precipitate is
almost not formed. With a further increase in
the pH of the equilibrium solution, the precipitation increases, while the sorption of copper as
a result of complexation slightly decreases.
Conclusion
The obtained research results indicate that
the synthesized weakly basic anionite is capable
of complexation with cations of copper, nickel,
cobalt, zinc, cadmium, and the maximum sorption was established for copper ions.
The method of potentiometric titration
was used to study the process of sorption of
copper ions by the previously synthesized weakly basic anionite.
It was found that copper is sorbed by the
anionite in the form of a complex in the range
of pH = 3.4-4.2.
The formation of a complex of copper
ions decreases, and the precipitation increases
with an increase in the pH value of the equilibrium solution. In an alkaline medium, there is no
complexation process, and copper ions form
hydroxides.
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